\ 




MICROFICHE 
REFERENCE 
LIBRARY 

A project of Volunteers in' Asia • 6 

Manual foe .Building A Ram med Rarth>*i i ' 
by: Lydia ■ A. t'and David J. Miller 

Published by: " ■ 

^Lydia A, and'D^ird'J. Miller 
2319' 21st Avenue 
Greeley, GO 80631 USA 

Paper copies. are $ 5.00. 

Available from: 

Lydia A. and David J. Miller 
I ' 2.319 21st Avenue 

I ' Greeley CO ^80631 t USA 

Reproduced by permission of the authors. » 

— Reproduction, of this microfiche document in any * 
form is subject J to the same restrictions as those 
of the original' document. 



9 




MANUAL 



FOR BUILDING A RAMMED EARTH WALL 




Lydio A. & David J. Miller 



2319 21st Avenue 



Greeley ."Colorado 80631 



303-352-4775 



Copyright© 19 80 by Lydia A a nd ■ Da vi d -J . Mil 1 er 



All rights, reserved. No part, of this publication may be 
reproduced or transmitted in any form or by any means, 
electronic or mechanical', including photocopy, recording, or 
any -information storage and retrieval system without the 
written permission of the authors. 



Published by 



r ■ 



David J. and Lydia A. Miller 
Post Office Box 1424 
Greeley, Colorado 80632 -■ 



We gratefully acknowledge the magazine, THE MOTHER EARTH 
NEWS, Number 61, 1980, for the pictures and story of our 
house built with rammed earth walls-. We acknowledge the 
expertise of J. Palmer Boggs , Architect-Engineer-Designer, 
who designed the five houses we built with rammed earth walls 
during the years 1944-1951, in ,Greeley, ^Colorado". 



TABLE OF CONTENTS ' 

! ' PAGE 
i • 
FORWARD \ - 1 

i 

INTRODUCTION • 2 

HISTORY 3 

RAMMED EARTH - Pise' de Terre 4 

DESIGN . . . . . ^ ^^-. '777777. . .4 

US I NG LJlCAi -MATERIALS " '. 4 ' 

RAMMED EARTH NOT EASILY ACCEPTED . .. . 5 

PSYCHOLOGICAL FACTORS 6 

BUILDING CODES ...... 7 

SITE SELECTION . ... ....8 

SOIL SAMPLE TESTS i , ..8. 

SOIL TESTING. . . . ^^^-r-rTTTfcT 

TESTINC FOR MO USTURL. C ONT K-NTT' ; . . ". . . . . _ 1 1 

STOCKPILING AND PREPARING THE SITE 12 

MAKING A TEST BLOCK .- 13 

STABILIZATION OF SOIL 13 

THE^XAMPING TOOL— RAMMERS '. 15 

RAMMING PROCESS 16 

FOUNDATION : . . . 17 

THE FORMING PROCESS FOR RAMMED EARTH ...20 

BUILDING THE SIDE PANELS 20 

ASSEMBLING OF FORM PANELS 22 

LEAP FROGGING— MOVING PANELS UP AS WALL RISES 24 

REFERENCES 26 

APPENDICES \ 28 



\ 



FORWARD 



Living:/ in earth houses is extremely comfortable. They 
are cool in: the summer and warm in the winter. Prior to the'' 
days of air conditioning, adobe houses were preferred in the 
southwestern ''.United States because of their well-known 
quality of balancing the heat of the d?ay with the cool of the 
night..; the thicker the rammed earth wall, the greater its 
regulating value. 

Rammed <earth houses have been the subject of numerous 

magazine articles, technical J^snphlets by state and federal 

agencies, universities?- bd'oks , handbooks,- independent 
pamphlets and many unpublished manuscripts'. 

We wish you to know that we not only built rammed earth 
houses, but we have lived in a rammed earth house since the 
spring. of 1945. The quality of living in a rammed earth house 
.must be experienced to be believed. . , 

Earth has proved to be one of the world's greatest 
building materials because it is: 

— durable and historically th'e longest used by man 
--universally available ' * 

, — accessible to all who own or can buy ■ a lot or 
building site 1 «• 

— a solar "collector which stores heat. The heat is 
naturally transmitted to the inside of -the home 

— a natural barrier to cold winds and forces of 
nature including, tornadoes, earthquakes, insects^, 
and rodents - . 

— not rationed 

— -not monopolized by anyone 

- This manual presents the rammed earth building method as 
-clearly as we can state it. It reflects our own experiences.. 

We do not cover the technical and engineering problems 
which may be encountered. These are best resolved by 
consulting professionals. 
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INTRODUCTION 



The following /is digested from "W@»lf skill, et al"i Te:kas 



A & M University. 



£1 



of the first a homes lived in by ma/n afper 

the 



Probably , on 

he came out of k cave was made of - earth. To be sure 
earliest known kinds of earth construction were very • crude i by 
our standards today. Primitive man did little more ttian stick 
mud on poles wovm closely together. But even with /this, h,e 



found shelter that was better than anything, else he 



except his cave. 



move around. He could live wherever he wantec 



Gradually, h|e 
house's than oth 
whole lifetime. 



Today there 
world that are 
homes that have 
falls . However 
most extreme rang 



"He also had the advantage Cof being abl-e 



had 
to 

/ 



learned that some kinds of mud made bettf 
And some of the best ones /lasted 



er 
is 



are many earth dwellings throughout the 
clenturies old. Man discovered that the eatth 
lasted best were in areas where hot much rain 
rds show that earth homes las/ted under the 
e of' climatic conditions. * ! 



Today, with the advances made i.n the science of sjoil 
mechanics, what £oils will do under many different" conditions 

and controlled ; It is possible, even with 
oday to "build beautiful, inexpensive land 
ing the oldest construction material known, 



can be predicte 
-little 'skill, 
durable home 
the earth aro 



us 



/ 



Strangely 
have learned 
behave 'under a 



ih<f 



mough, it is tt\e scientific road builder/s whc 
>st about the way many kinds of soil' w^Lf 
wide variety of conditions. These scientists 



know, 'for example, how- to take soils that for centuries 
considered Useless for anything and, by combining the 
materials' call/ed stabilizers, make 
are excellent /for eart'h construction 




As in m6st important discoveries, this new knowledgej 
from ancient /methods, mu'cti of it VLearned since World War II, 
was. found by work done in 'laboratories by highly trained- 
technical men. It .now remains to make these new techniques 
'available to the people. 

The United" States of America has spent untold millions 
through its international agencies and the United Nations to 
teach undeveloped nations hdw to build homes of earth. At the 
same time the bulletins printed are either unpublished or 
their supply exhausted and available only by exhaustive 
search and by special duplication. x ■ _ 



\ 



\ 
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. • . • HISTORY ■ ' . ^ 

Earth is the<?world's most *common building material . It 
is also one of the oldest; one of the most universal ;• one of 
the most comfortable, and one of the most used and, abused. 
The late George Borg, of Strasburg, France, said most of the 
world's people- live in earth homes.' , '. 

Extensive experiments in the -United States Universities- 
of California at' Davis, Michigan at Ann Arbor, Texas A. & M. 
at College Station, Oklahoma at -Norman and South Dakota- 
State College at Brookings, have reached the conclusion that- 
rammed earth or adobe, properly built and planned, make high 
quality homes. , . - — - . 

To these -distinguished universities must be added the - 
University of Kansas, Clemson College, The Universities of 
Saskatchwan ^ and Iowa and Massachus sett s Institute ofj 
Technology, "for studies and theses demonstrating the 
feasibility of rammed earth. v 

The U. S. Department of the Army, Agriculture, Bureau 
of Standards, Housing \nd Urban Development through A.I.D., 
The Bureau' of _ Public Rpjads , the governments of England, 
Germany, France, Israel, "Australia', New Zealand., Belgium, 
Poland, and the U. S. S. R. -have experimented with earth as 
a building material and recommend its use for housing. 

The United Nations has. sponsored programs .for earth 
housing . . "„ . 

Outstanding constructions throughout the world are 
.built of earth, including the great wall of China. 

-Sven Risom in his book, ' Nordiske Ler Jords Huse , 
documented fifty rammed earth houses actually built in 
Europe from 1295 -to 1955. -He includes photos of 60 homes of 
rammed earth or cob 'in Denmark, France and England. 

Hisom alser^ gives a history or summary of earth houses 
from 20p>-*. JC. including Assyria, Mesopotamia, Palestine, 
Japan, / Eg^r>C, Greece, Italy, North Africa, Cameroon, 
Gulds.ten, Spain, Portugal, France, Morocco, Great Britain, 
Ireland, Wales, Austria, Hungary, Germany, Russia, Norths 
America and South. America . 



,? ■ '. RAMMED EARTH ( PISE ' DE TERRE ) " , 

' "~ ' / ■ " ' ■ 

The- following is qftoted from Encyclopedia Britannica , 
1968 edition, volume 18, pages 1148, 1149: b. ^ - 

"RAMMED EARTH (Pise' De Terre) is a building ma-tefial 
resulting from the application of compaction of certain 
' soil's. Of the. forms of earth building used by 
civilizations 'of varying technical development, rammed 
earth is the .most durable .. Af ter - World War II it -was 
studied '- as an economic technique for underdeveloped 
regions. Its Use is limited to soils with highland and/ 
low clay contents, 70%Y30% being* a usual proportion!, 
with .the sand graded to -\Xarious particle sizes. ..The mix', 
with about 10% water ad d«d , is compacted in-, molds by 
ironheaded rammers weighing 5 to 20 lb." ^ 

• • > DESIGN , • '•, 

J. ^Palmer Boggs, Architect-Engineer who designed the 
Miller homes-, was' a devotee and a. disciple "'of Frank Lloyd_ 
Wright. 'All, the "Miller;, houses are built without basements, 
-are blended- into the la-ndscape «br* hillside, are without a 
13 single stair step anywhere. All houses enjoy the natural 
look. All are solar "orientated, with windows -- to /the garden 
and sun and face away from the street. - 

\ '. 
Frank Lloyd Wright expresses accurately J. Palmer JBoggs ' 
ideas for the rammed earth houses for the Millers ,„ quoting as 



follows from The Natural 



House , Horizon Press, 1954, VI began 



to see a building primarily not as a cave but, as a broad 
shelter in the open, delated to vista, vista without and" 

vista within". ?2<-. j_l 1 . , .-. ; — ----- — 

i > «. ; 

— ' De-sign^ — and choi -e e — of- ' bui 1 rd-ing — any — ste ucture — depends 

entirely upon the person who wants to bui-ld .with ea^th. 

-.- USING 'LOCAL MATERIALS ; - 

The'use of local materials in an attempt to solve/some 
of the problems, of housing for people is of major importance, 
although cost is not the primary emphasis. The higher the 
ratio of "non-manufactured" local materials used in these 
attempts,, the more easily the economies of any community or 
country will, be able to support broadly based programs for 
better housing and more adequate community facilities. 



Earth is nature's product. It requires no energy to 
produce . - T 

Use of earth saves energy. -. 

Rammed earth is labor intensive. 

Rammed earth is massive and enduring - 

Rammed earth is„ an accepted construction material. 



Comfort and Quiet : Rammed earth massive walls are excellent 
passive solar byildings, contrary to common belief, and 
are extremely comfortable. This is surprising^, to many, and 
must be experienced to be believed. The comfort results from 
more balanced surroundings, particularly the. radiant 
temperatures -and humidity. 

Earth structures are also very quiet due to mass, added 
insulation, and double glazing. This Tack of noisy and 
irksome ftirnaces, compressors, fans, and dilcts helps 
contribute to peace of mind. \ 

RAMMED EARTH' CONSTRUCTION 'NOT EAST LY'"A C C E PT ED 



Acceptance of rammed earth^.s not simple nor easy. From 
35 years experience, we have felt the unspoken skepticism and 
open criticism of engineers, teflilders and people generally. 
This, general skepticism is aptly described by Anthony F . 
Merrill in his book, The Rammed-Earth House , Harper & 
Brothers, N.Y. 1947 as follows! H- v 

"Ipt'rodu'cing soil construction meets the opposition of 
. . many .contractors, engineers, ""and tradesmen, who 
immediately reject anything new or unfamiliar. Some feel 
^ uncertain whether a new method of construction will' give 
them the same ■ prof it s and to others the customary method 
of construction seems much easier. * ■ 

a "SoiL as a mate-rial for construction is not simple. Its 
application is riot yet based on' an exact , knowledge of 
all; its properties in spite of the fact that in many 
countries 'there are buildings of unstabilized soil, 
which have given" service for hundreds of years. This 
• , indicates .that satisfactory results can be obtained, 
. E ** provided that the soil used for construction is suitable 
for the purpose, that tie work" is carried out in a 
* _ correct _ manner, and that suitable... maintenance is 
.assured 



/ 




- Since the publishing of Merrill's book much has been 
learned and written.. It is hot possible in this manual to 
detail the progress made. Our objective is to pass on to you 
what we ourselves have learned so you can build the rammed 
earth walls of your dream home. 



PSYCHOLOGICAL FACTORS 

■ T - 
One reason . for resistance to rammed earth is stated by 

[Fitzmaurice , et al as follows: 

^> 

"In the inspections " made by the author and members of 
s staff, adverse criticisms, were frequently - expressed by 
occupants of stabilized soil houses. In very many cases 
these were' obviously unjustified since the houses were 
entirely 'admirable and had no significant defects. It is 
evident that there is a considerable preVjudice on the part of 
ill-informed persons, and this needs to be eradicated if 
stabilized soil is to take its proper place as one of the 
methods of solving the housing problem. 

We have ~ interrogated the people concerned on various 
occasions and we are f orced to conclude H^hat the pre judice is 
irrational. We suspect that in some cases it has been 
fostered by building contractors and ' people who are 
financially interested, in competitive methods of 
construction. We think that this apparent prejudice is 
founded on the following^. 

■\ A. Earth walling is associated in the minds of the 

V people with the squalid, dilapidated,, unstabilized 
hovels which have been the normal form of housing in 
many parts of the world for generations past. 

B. It has been noted that as soon as a family attained 
a / higher level of prosperity, they immediately had 
built-- for them a house of brickwork or stone 
masonry . _ "■ 

C. Some of the' earlier attempts at stabilization were 
not entirely satisfactory. Insufficient was known 
about the process; unsuitable soils were used,; 
control ,was lax.) This, gave the, opponents of the 

_ method plenty of /material to work with and they were 
not slafw to take( advantage of- it 

If- stabilized soil is "E*o take the place it merits as one 
of the methods of alleviating the world housing shortage it 
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is necessary to remove this prejudice from the .minds of th 
public and the author 'can see only two ways of doing this. 
The first L and foremost is to ensure that stabilized soil 
housing is. first class. Get rid of cracked walls, peeling 
plasters and patches - of eroding material only partially 
stabilized. It is the object of this manual to show how, this 
can be done . * 

Having removed the technical objections, it remains to 
educate and inform the public that stabilized ', soil fs, in 
fact, a durable material and that their houses will be in no 
way inferior to conventional houses: Emphasis* must; be placed 
on "stabilization", and the wdrd "soil" can be kept in the 
background. Perhaps some of the psychological difficulties 
could be removed if a new term could be coined. In „ France " the 
stabilized soil experiments after, the war were described as 
"beton de terre". This translates as "earth concrete" which 
might be shortened to. "earthcrete" or "soilcrete". Alcock 
refers to the psychological problem in his account of earth 
technique in West Africa." • * 



Our comment"' on Fitzmaurice 1 s statfPfent is that 
stabilization per se does not answer the problem. _ The 
objective of the authors 1 is to demonstrate that properly 
selected earth wi 1-1 build a jf ine home, We have done it. Earth 
homes must be presented on their intrinsic qualities. We 
agree that cement is .needed in the soil cement placed on the 
reenforced concrete f/oundation beam. 



BUILDING CODES 



One Caution . In many areas, local regulations will 
influence what can be built, 'where it can be built, and how 
it. ^can be built. Building and zoning codes, permits, 
licenses, and accepted practices vary widely from state to 
state : and locality to locality. To avoid lasted or illeg^*" 
effort, the owner, * designer ana 1 builder, V should know the 
restrictions and . obligations during the planning ' and design 
period. This should always be done BEFORE settling on a 
definite site for construction. 

Federal Housing Administration and Veterans Admininstra- 
tion have refused to "approve rammed ea'rth throughout'" the 
years. The successful project at Mount Olivet near 
Gardendale,- Alabama outside Birmingham in- 1936 has been 
ignored. The authors visited these hotties,- viewed both 
interior and exterior. We found the owners happy, and found- 
the houses in excellent condition in 1976. 
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Greeley, Colorado and Weld and Boulder Counties, in \ 
Colorado have granted building code variances 'to permit 
r-ammed earth houses. The Miller houses, all built prior to 
the adoption of the Weld County, Colorado building codes 
enabled • the granting of the variances. Savings and loan 
associations, insurance companies and commercial banks have 
all made loans on the Miller built homes on their sale ^nd 
resale . • 1 ■ > . ^ 



SITE SELECTION 

' v 

The site for a rammed earth house should provide 
adequate .drainage. Possible ground water or seepafge problems 
will be discovered by soil testing, digging fas .deep as 
required and by asking former owners. 

Solar access must be substantial ■ if the structure is to 
include solar heating. The builder must be careful tychoose 
a site not surrounded by natural obstructions , treejf or ,high 
buildings that shut out the sun 

A standard city lot (50'x 100') is not an adequate site 
for solar orientation. House size and style selection is 
limited - ' for such a lot. Neighboring lots may have large trees 
or structures, that would shad^-^ouf lot. 

We were_ fortunate to acquire an acre of land thr/o^gh the 
inheritance of part of a ' farm owned by Lydia's parents. Our 
house in Colorado was designed and oriented to the southeast 
for optimum solar benefit s . ^La-fclTude determines- the solar 
positioning- of a building. 

Above all make the soil tests described 1 in this manual 
to see that you have 707o sand and 307o clay and silt. 



SOIL SAMPLE TESTS ( 
Equipment and tools needed to make sample tests: 

1. A dirt auger to drill .holes in the ground is excellent. 
Post hole" diggers are also good, especially if you do not 
plan to go very- deep. You can extend the augur type digger by 
adding lengths of pipe . _ ■ 
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2. Pick-axes, mattocks or a steel bar and a long handled 
.shovel. - ■.. „i . 

3. A supply, of cans or plastic cartons large -enough to hold a 
pound of a variety of soil samples. ' , 

The depth to which .you are going to examine yourVgoil will 
depend on how you are going to dig the soil for your house 
later. If you are going to dig by. hand, you probably will not 
want to dig" more than 3 to 5 feet deep. If your. soil will be 
jiug ' by machine, you will, want to examine the soil as deep as 
the machine will dig, pernios 8, 10 or more feet deep. Plan 
where the earth is to be gotten. Test the subsoil there. 

First, dig out and toss' aside the organic topsoil. In 
desert areas,, there will be little or no topso"il as such. In 
wet„ tropical areas, the top soil "may be several feet thick. 
Once you are through the top soil, collect samples of su-bsoil 
from different places on your lot or\'%uilding site. 

f 

Take the soil samples by auger or other method 
throughout the area from which the eart-hi is to be taken. It 
is preferable to test each sample rather than to mix them 
together. 

.."Test the sample soils separately in the', same nlanner as 
for the stockpile of soil ready for construction. 



Send/ one pound samples to your nearest Soil Testing 
Laboratory for technical analytical tests to verify your 
"home wash pan" test if you have any {"doubts. Professional 
help is always encouraged by us . 

Mother Earth asked us to lead a work shop on rammed 
earth this coming summer, 1980. In preparation for -the work 
shops, we visited' Mother Earth's ECO Village to personally 
examine the site. We tested the jsoil by hand and shovel and 

the wash pan test in the motel room (roughly).. We found the 

70% sand aggregate and 30% silt and clay similar to our own 
tests in Greeley. We also built a test wall that is now 
weathering in ECO Village, Hendersonville , N.C. 

We also^rought samples -from~EC0 Village to" "Col or ado" and 
had the samples tested at the Soil Testing Labpratory at 
Colorado -State University at Fort' Collins . The tests .cost $30 
for each sample. The t.est verified our minimum 70% sand 
aggregate and gravel, 30% clay, which we had made by the wash 
pan test at EGO Village. 
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The Laboratory Scientist, Professor P.N. Soltanpour, 
asked for samples of the soils used by us in Greeley, for our 
rammed earth construction. He compared the Greeley, soils with 
ECO Village soils. ) 

Scientifically, the Greeley soils and the ECO Village 
soils are very different in composition. Professor Soltanpour 
states that both soils will make an excellent rammed earth 
wall. 



SOIL TESTING 



Soils can be tested in laboratories, but a home washpan 
test can accurately determine if the soil is suitable for 
ramming. If in doubt, ask for laboratory verification. 

The washpan method of testing soils has proved to be an 
accurate measure for us. You may rely on it for testing the 
soil for your building project. 

Mix the subsoil thoroughly. Fill three one-pound coffee 
cans of mixed soil from different places on the site and in 
the stockpile and put each into a separate flat pan. Mark 
these pans 1, 2, and 3. Dry the earth for. about four hours in 
a household oven until thoroughly dry. Remove saraple 1 from 
the oven; weigh it carefully and write down the weight. Put 
the soil in a pan at least six inches deep and five inches in 
diameter (a 2 lb. coffee can will do). Put the pan underneath 
the faucet in a sink and let a small stream of water run 
slowly into the pan. Stir the dried aggregate slowly. The 
object is to dissolve all clay and let it run over the lip of 
the pan. The muddy water along with all humus, bits of 
foreign matter and non-sand materials will flow out with the 
water over the lip. When the water is clear, pour the water 
carefully out of the pan. What is left is the sand residue, 

Dry the sand residue in the oven. Weigh it -and compute 
the residue weight against the original dry weight. Write 
down the findings for sample 1. Repeat the process for the 
remaining two samples. 

Here is an example of wh'at the data might be: 

18 ounces sand residue 

24 ounces dried aggregate = 7 57 D sand 

If the aggregate is 70-807 o sand, it is optimum. If sand 
is 507o, it is poor to fair. 
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Average the percentages of the three samples. If the 
average of the three sample's is 60-807,, you have optimum 
aggregate. If the average- is 507,, it is poor to fair 
aggregate. In the latter situation, you can add river run 
gravel o'r a comparable material 'such as roadbase, to bring 
the sand content .up to at least 60-70% . In our work, we 
brought the sand up to 757,. 

\. TESTING' FOR' MOISTURE CONTENT 



Excessive moisture prevents proper compaction and causes 
surface cracks on drying. ^ 

The proportion of moisture in the soil is important to 
rammed • earth. The earth should feel damp when picked up by 
hand. Water determines y the .resistance of the soil ' to 
moisture, its plasticity and the ease 'with which It can be o 
u'sed for ramming. > .. • . 

Take a handful of the* earth and squeeze it; in your hand 
to form a. ball. If the soil fails' to make a firm ball, it is 
too dry; add water to the soil until it will bind. Drop" Lhe 
ball- to a firm surface from shoulder height . If it shatters 
into -gffla-1-1 p i e c e-s-j — the- moi-s-teur-e — i n it i rs — s^t±~silmnrory~: Tf~~: if " 
is. too wet it does riot shatter. Repetition of the test gives 
you the '^feel" of the correct moisture. 

•.-/•"Once the moisture level is .right (feels damp), cover the 
-soil heap wi/t'h a plastic sheet. Use -the * hand "feel" test 
.several times daily to make certain the. moisture percentage 
remains at a' good level t Ten percent is the optimum moisture 

level . ./- ; • 

',..'>, - » 

Theco/rrect moisture level is one of .the main factors in 
successful / rammed earth construction. -Too much water makes 
the soil sticky .and hard to ram. x Too/little wate.r limits the 
cohesion of the soil;' '. '■' 

• The 'aggregate should, be kept dry from rain, yet kept 
moist. « A 'heavy rain will moisten the soil too much and time 
will be wasted waiting for the soil to dry. 

Anthony Merrill, in his book THE RAMMED-EARTH H0USEj .Il 
, recommends that the builder keep the stockpile moist . ne 
suggests if the pile is not covered,' the top of the pile 
should be wetted with a garden hose in -the . evening to give ^a 
good mix in the morning. Wet 'soil will have greater shrinkage 
and the walls will crack. 
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Surf ace\cracks wifll not affect the durability " of the 
wall and should be ignored. Dry soil will appear to ram solid 
but the particle's of soil will not .bind properly. With a 
little experience, the person tamping-, will learn to add a 
tittle moisture spray ''from a hose, a garden sprayer or a 
sawed off broom. Also,-^the builder quickly learns the "right 
"feel" of the moisture and texture of the soils used. 

"STOCKPILING AND PREPARING .THE SITE 

It was our experience that it was more efficient to 
build the s'tockpile at the time the . site was leveled for 
construction. We engaged an earth moving contractor who 
one time used a^ bulldozer and at one time used a Carry— all. 
The top soil was stockpiled- for use for the lawn and garden. 
The subsoil /was stockpiled. We, had rqcks up to several inches 
in diameter so it -"was necessary that the soil be ' screened . On 
the first house, we screened the soil by hand~. The screen was 
made from a potato sorter with a- 1" mesh. We used whatever 
went through the screen and stockpiled, the rock for rockfill 
underneath the concrete floor. The screen was mounted at 
approximately a- 60' angle on 2 x 6s. We actually used the- 
screen for all of the jhouses except the Ruyle addition. 

.At the time we built the house irt which we live, we had 
a Ferguson^ tractor. We borrowed a front lift loader, and 
actually screened the soil by dumping the earth on the screen 
from the "front lift loader. The rock that did. not go through 
,the screen rolled to . the bottom and formed its own stockpile 
and the screened e-arth also formed a stockpile. We tested the 
moisture of the > soil, by- hand test, and if the sdil was too dry x 
we added water with' a hose as the stockpile was built. ^/ 

On the test walls that we built' in 1979 , we found ^jthat 
roto-ti 1 ler did a better job in mixing the soil and/helping 
get the dry^earth mixed ' wi r th the -moist" earth than did either 
a pugmill or concrete mixer. On the -workshop in^ffillings, we - 
had soil . tKat - was quite dry and was lumpy, tye actually put 
together a makeshift „ screen out of a double-- thic,kness of' 
chicken wire to screen out the lumps. The first day we had to 
break up what lumps were left with a shovel; or by hand. The 
second day we » had available a roto-till'er which did a very 
fine job. ' ' " v '• - * 

; V ' '■ . '/ v . _,_--" 3f "" 

On. the .works-hop-, in Montana,- the ,.owner of the'' property 
wished to 'have a soil cement earth' wall.' We^-mlxed. the soil 
cement one .day' with a. cement mixe^r bujt--'we found that the 
roto-tiller gave us a better "mix --Chan ' the old-fashioned 
concrete mixer run with an el&etric motot. 



•' / 
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, ^1 1 is important to point out that the "stockpile ' for - the 
earth that goes .into the wall, ' whether it is to include 
cement or not, „ should be mixed in advance to permit any 
moisture that is added to distribute itse'lf evenly throughout 
the .aggregate. Later on in this manual we will repeat the 
statement that if during actual, ramming operations, the earth 
.turns out' to be too dry then water can be added ; with a 
sprinkling -"can, a bucket and 'a sawed off broom, a spray out 
of a hose or a garden sprayer filled with water. The latter 
is somewhat safer, since it - gives a greater '"control of the 
amount of moisture applied. 

If only a small amount of soil cement is teo be used, it 
might be that this can be done by mixing it in the 
wheelbarrow and just turning the earth and the cement wath a 
shovel. Our experience indicates tjhat if. you have the time to 
plan it, mixing with a roto-tiller is desirable. 

. ■ MAKING A TEST ..BLOCK '.- 



Before beginning to ram the actual wall, the soil may be 

further tested by making, 'a te.st block. A simple form can be 
made by nailing 2 x 6-inch lumber ", to make a block . 6-in. x. 
8-in. x -16-in. The form must be bolted together, . nails will 
not hold. Lay the form on "a flat surface and tamp .'the soil 
into place .^Remove the form and let £he block dry. When 
dried, the block should net crumble ) or show excessive cracks.'' 
If the" block test is satisfactory', the soil Will; surely be 
suitable and you may begin to build a wall. 



STABILIZING THE SOIL . . ; - • .■' 

• - * ^ . : 

We- have- built two soil cement "• walls \ Mixing of the 
properly selected aggregate is important.. Mixture in one wall 
was simply by the shovel- and screening, method.. One was mixed 
in part by a- low speed pugmill , in part by a concrete mixer 
and in part by a rdtotiller Observations indicated ;the 
plaster pugmill "worked better than the concrete mixer even 
though it seemed to be less efficient from the point of ^ the 
hand" labor involved. A , roCotiller worked better than either 
the pugmill or the concrete mixer. Here again the time spent 
on the job depends upon the supervisor, the amount of hand 
labor available and the motivation of the worker.. If the 
owner himself is the foreman, he wilVsee to. it that the' work 
progresses . " \ . • • 



V 



The percentage of ifcement to _be added", depends upon" ("he 
aggregate. The higher the sand " consent , the better, the wall. 
Seventy per cent of sand, .as determined by the wash pan 'test 

.gives an aggregate that needs, no soil • cement except for. 
foundation. High sand content plus good compaction produces a 
high quality wall.*It is also true that whether ^compaction is 
with a backfill tamper operated by an air compressor, a low 

■ pressure 15 v pouncfs per square inch electric tampe\r, or by 
hand, the quality of the wall depends upon "nigh sajnd content; 
and proper compaction.,* ( t- . 

The authors* know that ,, no . stabilization is needed in" 
rammed earth if the' soil aggregate has,- a minimum 70°i sand and 1 
30% clay (Sticky when wet- but hard when dry) -.. 

The- advocates- of s tabliLization , whether it is needed or " 
not, hav£ not, by adding cement, overcome the resistance to 
rammed earth as a building ,' material . „■ V 

- ' ' • ■ . - 14.' • •• . 

Professor R.I... Patty in AGRICULTURAL ENGINEER, .September 
- 1942, Vol. 23., No. 9, states the following : . v _ ! 

/ "At least 80 per cent of all soil : types , as they will be 

found on farms over the United States, will- be satisfactory 
f or use' in rammed earth walls Two-thirds of these could be 
used just as they are dug up providing the outside. surface of 
the wall is to be protected with-, stucco, or plaster. The .other 
one-third will need at least a small, amount of sand added, 
although they are . to be plastered. A recommended" admixture of 
sand will make a high percentage of these walls good enough 
"'to stand indefinitely as bare wall. 

"For farm, building no admixtures other than sand are* 
necessary. The sand will make, a high quality soil and the v 
wall may be left standing for a year or two. If it begins to" 
roughen too much, it will just be right for stuccoing.' 

•»• . > 

"Cinders can. be substituted for sand as an admixture to • 
a low quality soil. Cinders reduce shrinkage and cracking of • 
the wair in the same way as sand, and reduce the strength - in, 
the same^proportioji. They can ? be "used up to one measure of'- 
cinders. to "one o.f soil, if the wall is to be plastered.". 



\ 



THE TAMPING. TOOL — RAMMERS 



From looking at. many drawings and- from" actual experience 
we recommend- the weight of- the handle and head to be between 
8' and- 15 pxDunds . The tampers are .constructed of galvanizkd 
irpn pipe for the •handle s and steel for the heads . The heaps 
vary in size (see drawing ) ."' It is convenient to have -varyift _ 
J head sizes, depending on tTie size of the ..structure , man-power 
and need. The three sizes shown in the* ^rawing have*. proven 
satisfactory. 



use the heaviest t 
without tiring or 



The weight of hand tampers is yery important. The. 
heavier-.the tampetf, the faster the . earth cari be rammed. So 

:amper your workmen can handle all day long 
overt-iring. Short workmen cannot lift hand 
tampers weighing" more than 15-18 -pounds for verjy long without 
tiring. Experience has proven for t the Millers that hand 
tampers weighing 8 to 15 pounds are a good average /for most 
laborers. , . * !l "i *i 

It "is generally , assumed that 'the wqrkers stand in the 
forms to do the ramming, though" as a matter of fact many of 
them prefer to stand- up on. the edges of the form! In either 
case, the handle will have to be long enough toVpermit the 
worke~r to get .the tamp down into the form and still be--a'bl.e 
to "operate conifortably from whatever height heV may "be 
working, inside the form at. earth ( level or from theMtop of 
the form. " _ ' ' 

The weight of the rammer will be somewhere around 8 to 
15 pounds, depending upon whether the person using it is by 
natu?e a lifter-upper or a pusher-downer. If he is going -to 
-push down on the tamp he won' need as much weight as he will 
• if he is. just- going to lift it up and let it fall" with its 



own weight, 
interchangeably , 



Boc'h Systems 



wo 



ispecially 



Tamping will go faster if you do not heed to tamp around 
.the bolts. The form is designed so that the two bottom bolts 
will .hold the form, together for tamping. This is the. only 
time that you need to tamp around . the bolts. All other bolts 
and spacers are placed in , the wall as the tamped earth is 
within one or, tv>p inches of the hole. When you get to the 
bottom of ' the next hole in the form, then stop and slip in 
the. spacer and- the #' tie bolt on uprights B and C attach' the 
washer and tighten' the nut. When the earth reaches within an 
Lnch or . two of the top holes" in\Panels 3 and 4 you are ready 
for leap, frogging, described later. 
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RAMMING PROCESS 



The proper amount of loose soil to be put on in one 

layer or lift inside the rammed earth form is four inches. 

Layers which are placed too thick will be loose at the bottom 

and will cause problems. The man working in the form spreads 
the earth evenly. 

The earth ,in the corners and sides of the form should be 
evenly tamped first, and then the rest of the surface evenly 
is tamped. A good 'rammed earth wall needs to be well tamped. 
Ramming should be done on each layer until the noise from the 
tamping tool changes from a dull thud to a clear, ringing 
sound. 

The strokes of the rammer will press-', the earth in all 
directions and compact all of 'the earth in the form if tamped 
evenly. The worker should tamp from one end of the form to 
the other end. Then follow the same pattern about three 
times, or more, until the rammed earth rings. 

Most rammed 'earth tampers are the hand type, but if you 
want to tamp the soil faster^, iwo back fill tampers from- an 
air compressor will speed up the ]ob. This is expensive 
equi pment . , ~ 

One man using an air tamper can tamp th'e amount of soil 
in one-half to one-third the time that he could using a hand 
tamper. Many types of air tampers are available. Get a light 
one that does not weigh more than 25-30 pounds. It should be 
a long stroke machine of mode^ra^e feed that delivers sharp 
blows. A 4 x 6 Inch tamping face 1 ) can be used with' this type 
of machine. Do not use a jack/ hammer. Be sure that the 
corners of the tampers are rounded. Grind off the corners \ 
to \ inch. ' 

A constant air pressure of approximately 70 pounds per 

square inch is necessary. An air compressor with a free air 

delivery of 24 to 39 cubic .feet per minute will operate one 

tamper. We used two back fill tampers from a 105 lb. air 
compressor run by a gasoline engine. 

The tamping should be rapid, equable, and should not be 
in unison; that is, if more than one man is in the form, the 
men must not keep time striking the earth. Heavy blows must 
be avoided. Heavy strokes are apt to crumble the earth rather 
than compact it into a hard mass. 
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Be sure that no fresh or new loose earth is put into t he- 
form until the previous layer is well tamped. Layer after 
layer is placed into the form and tamped until the tamper 
hitting the earth rings. "Check the moisture content often 

while you ram the wall. 
'* t - 



When a delay occurs, as a break for lunch or over night, 
the layer must be moistened. You; may use a sawed off broom 
and a bucket of water, a garden spray or a hd'se with- a spray, 
nozzle . 



The moisture lof the earth should be "checked often. while 
ramming, both in ttie stockpile and as it "is put in the wall. 

Any soft spots »discover^d should he rammed some more. 

Important places to check /ire directly against the form, in 
the corners and around the beveled strips of the endgates. We 
do not recommend the heaviest types, 16-18 and 20-30 pounds. 

•After the bottom form is filled to the bottom of the 
top hole, place the second panels by lifting form 3 on top of 
form 1 on -one side and form 4 on. top of form 2 on the other 
side. This forms the second lift. 




put in the washers and spacer%, slip in the tie 
bolt, and' spin on the acme nuts on uprights. Before any earth 
is put into the second lift, the earth should be slightly 
moistened so that the fresh earth will adhere to the earth 
already tamped in the first lift of the form. Continue adding 
-lifts and tamping the earth until the walls are raised to the 
desired height. . 

-I - While -building- waTls, -provide -openings -at - -the -proper 
Vocations for telephone cable, plugs, door s and' ^windows , 
anchors, electrical, outlets and ga9 and water Tines. Avoid- 
the need cut out for an ele'ctrical conduit, box or a hole for 
a pipe after thi earth wall is finished. You can cut a hole 
for conduit, boxes, or pipes so long as the earth is still 
"green'*' (not thoroughly dry). The drilling is difficult 
because . ( pise ' ) rammed' earth becomes almost as solid as 
concrete. " 

FOUNDATION 



The foundation should be in two parts. The first should 
be a reenforcedl concrete beam. In a house without a basement 
it is recommendeM that the bottom of the trench excavated for 
the foundation you pour a concrete, beam," which is to hold up 
the immense weight of the earth wall, be treated with 
asphaltum to harden the soil. It should be engineered by a 
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Construction engineer to the proper width and depth, 
depending on the width and height of the wall. A vapor 
(moisture) barrier should be placed £>n top of the concrete 
beam. Plastic or tar are good vapor, barriers , In our own 
homes the "foundation was all concrete. 



The second part of the foundation cpuld be soil cement. 
-The top of the soil cement part of - the foundation should be 
built oh the concrete beam up to a point 12 inches above the 
ground level. The top of t,he soil cement should again be 



sealed with a vapor barrier 



started. The vapor barrier will prevent capillary attraction 



of moisture into the bottom 



before the rammed earth wall is 



part of the rammed earth wall 



"The reason for the toundati* 3n extending T2 inch e s above the 
ground level is t.o prevent splashing or washing against the 
foundation, a nd to p revent mo isture reaching the rammed earth' 

"walF. If the earth foundation were started at the ground 
level, the wall could 'be damaged as the rain from the roof 
drops on "the lawn or the patio and splashes against the earth 
wall . i - 



If the concrete beam is used in the virgin soil it 
should be \ again as wide- as the thickness of the wall. *The* 
forms could then be placed directly upon the concrete beam 
after the moisture barrier is installed. 
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The following drawing is from J. Palmer Boggs 2 -blueprint 
of the- house in which we live. The three changes we recommend 
a-re a vapor barrier, 2 inches of insulation on the outside of 
the foundation down two feet below ground lev-el and the 
foundation run 12 inches above ground level before ramming 
the earth. 
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THE FORMING PROCESS FOR RAMMED EARTH 



We, have briefly traced the history of the experiments 
and studies conducted over the years on rammed earth forms 
and decribed the research done and results. We want to pass 
on to you our experience so that you may make your own choice 
as to which form you will build or rent . Concrete forms can 
be rented and 'used We have used hand tampers and backfill 
tampers operated off of an air compressor and found either to 
be satisfactory. " 

The following are requirements 'for. a successful form 
It must be strong; it must not bend; it should be li^ght 
enough for one person to lift, or not heavier than a man and 
his wife, could lift. The form suggested is a minimum size 
form for multi-purpose use. We would rather have the form a 
bit too strong tha<n too light . f Whatever type of soil you use 
and_ whatever type of- form you use, -you will be surprised that 
almost anything will "work with a ! little care, common sense 
and judgment . ^ 

The forms should be interchangeable, side for side and 
top to bottom, which means that you would have to cut a 
pattern or a jig to place the holes accurately. When drilling 
the holes the forms are to be laid with tempered masonite 
facing each other and "3/4" boles drilled through- both forms 
at' once. Number the ©utside of the facing, pairs 1, 2 and 3, 
4 . , 



We developed a corner form 8 ' high that could also be 
used as side panels^ by drilling the holes on the same 
horizontal >pa-cing as -th^e panel s . Placed opposite each other, 

As a corner, it 
interchangeable , 

I 



the corner panels will serve as side panels 
is used vertically. All panels are 



( therefore, standardized. 



Each of us has different abilities, each of us has 
available different supplies and materials. The purpose of 
the f orm "is — to hold— the — e-arith" - while" you"" J build ' the wall . TF 
you intend to [stucco it 5 then small bulges or even larger 
"ones make no' great difference. Neither do the joints nor 
rough s,pots. I:: your objective is to have a smooth wall that 
can be permitted to weather for a year or two while you 
decide what else you want to do with it, then you will need 
optimum appearance. .Our form is designed to give you that. 



An alternative plan is to have eight 
.four. This would be particularly helpful 
organized .to help each other build all 
consecutively oti a mass production basis 



panels ipstead of 
if a^group were 
ttye earth wal 1 s 
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The Boggs forms* though they were quite heavy had two 
"great advantages. One was the wall height forming which 
protected the wall until the entire form was -removed. The 
second was that the .end gates were the height of. the wall and 
assisted in the alignment both horizontally and vertically. 



BUILDING THE SIDE PANELS 

, To make enough panels so that the bottom panel can be 
leap frogged (that is panel 1 put over panel 3 in order to 
fill lift 4) it takes two 4' x 8'' x 3/4"s plywood as well as 
two V x 4' x. 8's tempered masonite. The lumber yard will 
-ordinarily, cut 4' x-^ 1 in two for you to make four 2 ' x' 8' 
panels. You will also need four quarts of contact glue to 
bond the tempered masonite onto the plywood. The plywood 
should be 3/4" AD five-ply with one side smooth. You will 
also need twelve 2" x 4" x 8's,. Some prefer to use screws 
the hardened variety ./-fou may also use 8-penny ^nails^-d-fTven 
.through and clinched/ or 7-penny nails-- which q^ldr^be driven 
through from the flat 2x4 side. 



the, 3/4" plywood and tl 
immediately upon^G-antaci 




In building the forms 3 thecjontact glue should be placed 
on the rough side of tl^e^jjia^rgnite and on the rough side of 

bonded together. Contact glue bonds 
so you need three pieces of scrap 
lumber . at le^rr'2 'x lVto lay on the V x 4 ' plywood so thai,,, 
you cjjv-^place the /tempered masonite in place. " above thfe 

Tood. It takes two persons; one to square -each: end . ' On^'' 
person then pulls / out " the end scrap lumber to .drop ^fhte 
tempered^isa-sjanite/on the plywood with the corners exactliy 

Pull the middle piece of scrap to let the 
vontact .the plywood, and finally the opposite end i|s 
plywood/^yp-^ulLing the last scrap. Re careful to 
masonite with the plywood/bef ore making 
contract v J »• / 



true 



Before nailing' on the \ x 4s to~ the plywood, and before 
you apply the glue to the rough" side of the plywnnrl^ ypij n eed 
to mark the 2 x 4 with the spot where the 3/4" hole will be 
drilled. ' - ! . - - - - 

Mark the true end and the top edge of each piece of 
plywood and each 2x4 with a red marking pencil. These will 
be the edges from which all measurements will be made. 

St;art with the piece of plywood that has the str-aightest 
edges, usually the*' : mill cut edge. Lay it down flat; Mark the' 
truest edge red. Do the same with all the 2x4 plywood 
panels. Place the one 2 x 4 on the top red marked edge oft, 
each of the two panels or of the four panels if -"you have* 
room . 



assembling the first panel after we had drilled the 
holes, we had 'a hard time putting , in the 3/4''' x lV x 
1/8". washers. They put .us off on the width of the wall. 
They got lost and we found it difficult to get them in place 
when we. leA'p frogge'd form No. 1 over form No. 3. 

We decided to drill a hole in the tempered masonite lV 
wide and l/8 y deep" before we drilled holes for the tie bolts. 
The drilling of/ 1/8'""' deep x lV wide on masonite side is the 
space needed to glue the elusive' T/8" washer in assembling 
the form. VJ^T used quick dry contact adhesive for this. 

We ■ also/ drove three wide head nails on the edge of' the 
washer .,/ ; _.. 



/ One bolt needs four washers for the over all process. 
Two glued in place is very helpful , then only two washers 
''remain loose for assembling,. By standing panel No. 1 with the 
red edge up, we - { found it ei^.sy to mark the. edge with a pencil 
"to match the masonite side %o the 2 x 4 side .already marked. 
Then, with a pencil and square and the chalk line, we marked 
the center of the holes cmjthe-- masonite side. We started each 
hole by drilling — a 1 /~8" " ho le7 "entirely through the panel. 
After we drilled tr^e lV x 1/8" inset for the washer, we also 
drilled the 2x4 side an inch deep with a 3/4" drill to 
avoid. the splintering- Finally, we turned the panel over and 
drij^led^ panel No . .1 from., the. masonite 

side . ' ' """"" ' ' ' 

We built panels Number 2, 3 and 4 the same way. 



Tie Bfelts : The tie bolt is a '5/8" bolt n&de, of cold rolled 
steel . It 40 inches ' long with 10 inches of acme thread on 
each end. Acme nuts must be used with the bolts. The 40^ inch 
'length of the Jbolt adju^t_s_tcL_the_ap!a.ci-n-g-s -of— a 12 — inch-,", 14 
p nch , 16 inch or 1 8 inch wall. 

! 

j Ihg tensile strength— of- the 5/8' ' bolt i s 35 ,000 p ounds . 

jThe tie bolts and nuts were built at a machine shop (special 
order);. The builder should ignore trade names when purchasing 
the acme bolt. The acme thread is a wide thread and holds the 
bolt more securely .- 

The acme thread is commonly called a "worm gear" thread. 
There are eight threads per inch. The acme thread, is used in 
automobile steering gears. ' 

Of course all thread bolts and nuts can be purchased in 
stores. These are not 'as durable* as the acme cold rolled 
steel, but better than standared all thread bolts which have 
finer threads. These strip easily and need replacements. The 
acme threaded bolt is durable and will last *for a 'longer 
period of time. 
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Endgates : To keep -the earth from -coming put of the forms at 
r the ends, use a piece call an ""'endgate. " Endgates alsjD 'serve 
as spacer blocks at the ends" of" the f orris- so they should be 
as wide as the walls and a means of ho.ldfng the wall plumb. 
In most cases endgates will be- used right" at' the end of the 
forms, but they^f should be made so" they ^ill^fit at any place 
inside the forms in case you have to ram shorf wall sections. 
Try to space endgates so they will be at -least 8 inches from 
the nearest bolt. If you do not leave enough room, f i t will be^ 
difficult to'ram'the soil correctly.' . * 

Always nail a beveled piece of" wood on .the endgate so 
that it face's the inside wall. When the earth is rammed in 
the forms, the beveled piece will* form a .-groove in the end of 
the wall. When the next section of wall„ is rammed, the groove 
will be filled with earth to form a solid joint that bonds 
the sections^ together. 



ASSEMBLING OF FORM PANELS 



Place vapor barrier over '- foundation before set-ting 
forms . 

Vertical rows of bolts are referred to as A, B, C and D 
from right on the drawing page. 

1. First step in assembly is to' place panel 1 .opposite 
panel 2 with masohite of both panels facing, in. Slip^tTe- bolt 
through top -holes rows B and C without spacer to simply hold 
form together loosely. " c 

2. Next, ,place the left endgate. One .person holds 
endgate upright "while rthe other' .slips on J:he_ ^hj^—t-ie- 
bolts-A. Repeat- for the opposite endgate-, '--Row~~D . 

e bolts .in bottom holes rows A, B, C, and D 
without spacers . 

4. Place the tie- bolts, washers and spacers through the 
middle holes on rows B and C. , 

5. Place all uprights on rows A, B and C with .washers 
and acme nuts and spin nuts to leave about one inch play." 
Pull out jthe .top tie bolts rows B and C. They will- only be in 
the way until earth is rammed^ up to the third hole from 
the bottom. \ • •- • . 

6. One person plumb-- : <he endgate end wise (i.e: on the 
edge).- If it is but of plumD~l^~le.aning right to the panel 1 
side, drive a wedge under the end of ^a^lr~t~r~You may need to 
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pile up blocks on the ground level • to get high enough -to 
wedge the endgate level. If the endgate leans toward the 
panel 2 side, the wedge must be placed under the edge of 
panel 2 .. Then place 'level on panels. Use wedges" on panel 
sides if needed to, level and plumb. 

* t , 

7. .Plumb "the endgat.e on the orftside plywood side. If it 
is not plumb, put wedges vertically against both ends of the 
tie bolts next to the 2 x 2s edge. If the' endgate leans 
toward the opposite endgate, then one of the bolt holes is 
off plumb. . 

8*. You must then pull out the nut, upright,, washer and 
find which bolt hole is out of line. Get a rat-tail wood rasp 
and. file out the hole until the endgate can be* placed plumb. 

9. Install, plumb and level the other endgate and panels 
in the same way. - *• . . ,, ,• 

10.. It is most . important to plumb and level panels 
accurately on the first assembling for a successful wall. 

11. If you DO NOT do this, alignment cannot be corrected 
as with lumber or masonry. Rammed earth is massive, heavy and 
cannot _be adjusted. You can only break it up, tear it down 
and start over. * , 



J 
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at 2x4 



12" WALL STANDARD .CORNER PANEL 
(Not to scale). 



/ 

12" Wall 



18" Wall 




Note:. Cross block 
should be put in as on 
standard form. Holes, 
on 2x4 s as on standard 

-form . 1 — — . — 



The 1/4" x 2" iron straps 
slip over the tie bolt in 
the hole 3" from the end of 
the standard form sections. 

Three strap iron angles are 
left in place, when panel -3 
is placed on panel 1 . At i 
that point, two more strap i 
iron angles are needed to avoid i 
moving the uprights an "extra i 
time. No strap iron angle ! 
is needed for the bottom j 
hole on the second form panel.; 

! 

Short blocks and holes fit i 
the standard panel holes^Q j 
scale. ' '( j 




<o 



15 1/2"- 
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23" 



• ENDGATE CROSS BAR (YOKE) 
(Not to scale) 



10'x2"x4" 



extended 2 



r 



Cross bar 




6" bolt, 
washer 



ce 



_2 lf on edge on beveled 
side endgate 



Yoke: The endgate has a beveled 2x4 jto act as a keyway 
binder, for the next section of the wall. This is extended two 
feet. A cross bar is placed in slots at the top of the 
extended 2x4 to serve as a positive alignment and as a beam, 
to which -an old-fashioned fence stretcher may be placed to 
li^t €he bottom form in -leap frog fashion. The corners are 
braced with 2x4 with 3/8 "x6" bolts, nuts and washers. 
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f LEAP" FROGGING-MOVING PANELS UP AS WALL RISES 

Tamp earth between panels 1 and 2 within three inches of 
the • top of -the f^rm, just under the tie -bolts. Put panels*- 3 
and 4 in place:' "-Add bolts, washers, spacers and nuts. Leap 
frogging begins after panels. 3 and 4 are. filled with rammed* 
earth to the bottom of the top holes. Release all of the nuts^ 
and washers, i Remove the four uprights frxon—both — &ides"wl'th 
the bolts to remain ir^jDlace-^ — — 

-—-"""Carefully* slide panel, on the tie bolts awa_y..... J £.r"om— thS"" 
completed wall without twisting so .the M greer? T "wali will not 
spal-1 at any ( point. 

Carefully lift panel 1 and place it against the endgate 
on top of form 3. Each person has one end of ' form 1. Each 
person should have a 5/8" x 5" long bolt with a wisher and 
nut in his pocket. Each slips a bolt through the side 2x2 
on the endgate into the middle of the three end holes and 
spins on the nut. Panel 1 is now securely in -place . Repeat 
the operation on the other side of the wall be removing the 
nuts, washers and the up rights and finally Form 2. 

- Each has a 5/S" x 5" Solt and washer in his pocket. Lift 
form 2 and place it carefully on form 4. Fasten form 2 by 'the 
2 bolts . through each end of the . endgate through the' middle 
hole on the end to hold form 4 in' pla*te., '\ 

You are now ready to install uprights B and C. f 

Slip uprights B* and C over the bolts 5 and 6 on -each of 
uprights B and -Gk, Slip on f the' washer and' spin on the nuts and 
spin them tightly hand. Repeat the same on the other ' side . 

— - -^ext insert the tie bolts through the^endgalre^.' Do hot 
insert the tie bolts and spacers on the top hole uprights B 
and C until" the earth reaches the hole. 

At this point, panels 1, 2, 3, 4 and endgates are 

holding the rammed earth wall- Remove panels 1 and 2 and you 

will see the first strip of rammed earth wall. Place uprights 
B and C onto bolts 5 and 6 on panels 3 and 4 (both sides). 
Place panels 1 and 2 on top of 3 and 4. In order to leap 
frog, 'you must now 4 place the bottom of the upright to bolts 
in holes 4, 5 and 6. Loosely fasten the nuts and bolts. 
(LateT'to fasten tightly all nuts and bolts as when changing. 

a car tire.) Add uprights A and EL in. Same manner. Leap 

frogging is accomplished. 

./ . ■ , i 
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Hole 4 is the bottom hole for the leap frogging so 
uprights B and C are set first with panels 1 and 2 on top of 
psfnels 3 and 4 and bolted. The insertion of the nuts and 
washers will fit exactly as they did in the first setting of 
panels 1, 2, 3 and 4. (Uprights are now holding panels 3 and 
. 4 tight with panels 1 and 2 above theme This is the leap frog 
position. ) - " 

You are moving only " two feet of upright at a time. 

Panels 1 and 2 are now rammed; panels 3 ajad 4 are now rammed, 

but holding the forms; panels 1 and 2 are leap' frogged on top 

qf panels 3 and 4. Bolt together with the same process 
described earlier. 

It is our experience that no concrete cap is needed on 
^ the wall. We recommend that you insert an eye bolt 12 inches 
t long with a 12 inch piece of reinforcing rod through the eye 
of the bolt. The bolt should be set in the earth 8 inches or 
three lifts before , tamping in the last 8 inches of earth. One 
bolt in the center of each 8 foot section. -is sufficient. 

We have not provided the specifications and plans . That 
is beyond our abilities.. We urge you to consult one of the 
many good _bpoks on a house construction. As. you know ; we 
ourselves <retained§an architect. He provided the plans ana 
part of the <= supervi s ion . 

This manual is written to those who can help themselves. 
We challenge you to join those of us who have become rammed 
earth builders and believers. 



i 
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•APPENDICES 



Material arid Price List, Greeley, Colorado, Feb. 1980. 
List includes enough materials for 4 standard panels, 2'x 
8 f , 2 endgates, corner panels, brace, and other materials 
to complete one 8' *high monolithic rammed earth -wall 
section. 

Pictures, annotated, of the building of the standard 
form. 

r . 

Colorado "State University Soil Testing Laboratory 
Analysis : • 

— 1 sample of earth from Greeley, Colorado from 
the Miller rammed ~e art h house. 

— 2 samples of soils from ECO Village, Mother Earth, 
Hendersonville , NC. • , 

— Letter to Lydia A. Miller from Prof. P.N. 
Soltanpour, Soil Test Specialist, CSU. 

Architectural Forum, Dec. 1946 Rammed Earth , Miller's 
First Housb. ^ 

Pise' Construction , NSB 18, Notes ! on the Science! of 
Building, Australia (Available- for piiirchase-address at 
end of article). Reprinted by permission. 

Earth-Wall Construction , NSB 13, Notes on the Science of 
Building, Australia (Available for purchase-address at 
end of article). 
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MATERIAL AND PRICE LIST 



Quantity 



Description 



24 

4 

3 
8 
2 
5 
5 



6 box 
96 



18 
* 



3 6 



;WOOD* 

2x4x8 Hem Fir 

2x2x8 Hem Fir 
■2x4x10 Hem Fir 

2x4x4 Hem Fir 

1x4x12 Pine 

4x8 3/4" AD Plywood 

4x8 1/2" Tempered Masonite 



_ BOLTS- — WASHERS- — SCREWS 

5/8x36 All Thread Course Bolt 

(For Example Only) _ T 

No. -6 x 2" Flat Head 

5/8 Flat 1 1/2" Washers 

(Double thi-s amount needed for full form 
setting.) orm 

5/8 - 8, Acme Thread- Cold Rolled Steel 
10" each end of 4 0" long part 

1" Hex 5/8 - 8 Acme' Nut 



Unit 
Price 



Total 
Price 



$ 1.75 $42.00 
1.12 '4.48 



3 .59 
1.99 

" .09 



7 .90 
6 . 93 



2.65 
.87 
1 -52 
21.00 103.20 
8-00 40*. 00 




11.94 
8 .64 



9.22 165.9.6 
5.25 18 9 . 00 



NAILS — - 



2 lb. 
2 lb. 
2 lb. 

2_J.b _ 
2 lb. 



16d Smooth Box 



8-Penny Box 
16-Penny Box 
— 6^Pen ny Box 
7-Penny Box 



•59 

■ 50 , 1-00 
•50 i l.oo 



. 50 
. 50 



1. 00 

li 00 



i 



Quantity 



Description, 



Unit Total — 

Price Price 



CEMENT GLUE 

2 qt. Contact Cement 

1 qt. _ Pastewood Filler 
1 gal.- Contact Cement 
1 qt. Resin Wood Glue 



$ 4.93, 
3. 95 
13. '95 
4.50 



'$9.86 



2 
2 

36 



16 hr. 



30 hr, 



— -MISCELLANEOUS 

Tools, Miscellaneous 
Triangle 

1" Wood Chisel 

1/2" Wood Chisel 

1/4" Wood Chisel 

Chalk Line 

Carpenter's Pencils 

Electric Drill Bits " . 

Sealer 

3/4" Thin Wall Conduit at $.33 per ft. 

-—WORK EXPENSES 

Greeley Planing Mill 

To Plane Endgates 2x4x10 Bevel 

David Atkinson ' . 
Drawing and Form Construction 

At S3. 50 per hr. , Craig Hansen 
Building Forms 

At. $3.10 per hr.,. Linda Cupl 
Typing and Editing 



11. 20 
6 .59 
4 . 2.0 
3.70 
3. 25 
.90 
.50 
1.49 
. 9 8 
. 33 



1. 00 
2.98 

11.88 



in 



20.00 
75.00 
56 . 00 
9 ! 3 . 00 



856.99 



Close up view of process. , Close up view of panels 1, 2, 3. 




Bolt§ without spacers fit on outside of ertdgate. Endgate is Spacers and washers must be placed inside of the forms. 
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j Cooperative Extension Servict 

Colorado SlateiUniverslty 
fort Collins, Colorado 
80523 1 



February 26, 1980 



SOIL TEST' 



Mrs .Ay di a A, Miller 
Box 1424 ■; 
Greeley, CO 80631 

Dear Mrs . Mil 1 er : 



Enclosed please find the analytical result's on the soij, 
samples you sent us. From the soil properties, that we" 
determined, it seems all three samples could^be used for 
rammed eartti construction. Clay. and organic matter con- 
tents are low in -a"! 1 . soils. 



"T_he insulation property 
miaed mainly by 
and thickness, 
earth increases 
porperty 'lowers 
earth the lower 
med earth wall* ages 
a better insulator. 



(R 



value) of rarnm 
its degree of porosity, m 
As the degree of compadtn 
its. porosity decreases a 
The hicjher the moisture 
its insulation value. Th 
and loses its initial 
Obviously the thicke 



the higher its insulating value 

We do not determine insulation properties 
ea'rth walls or__j3ny -pther objects. Howeve 
Solar Ener 
and ask- th 
wal 1 s determ 




ch Institute C S E R I ) i n 
how -you, can have R val 



ed earth is deter- 
Oisture content, 
ess of rammed 
n d ,-i4rS insula t i o n 

content of rammed 
ere-fore", as ram- 
moisture, it becomes 
r a rammed earth wall 



(R value) of rammed 
r , you may write to , 

Golden , Colorado 
ue of rammed earth 




Si n c e r e 

P . N . Sol tanpour 
Professor 



PS/bn 



Colorado State University and U.S. Department of Agriculture Cooperating 



-- DAVID J.' MILLER ' 
ATTORNEY AJ LAW__ _ 
^SO^*-7th ST. P. 0. BOX 1424 
GREELEY", COLORADO 80531 



t PRODUCTS AND PKAfHCt 

at r — -™ — - 




.-T-: "'AEMEfT ""BUGGS" ""' 
H n ;; t i n e e r - D e s i p;n e r - 

Mo. 1 Texas Way : - 
• a .V e tteville „, A r k.an s. a s 





RAMMED EARTH — One of man's oldest building! materials ■ 
engineer to build a modern house. 



is used by a Denver 



1here is a porenniai interest ill rammed earth 
: houses, based jturt'lv on the idea that tliev 
' ought In be din cheap and partly on simolc 
; amazement that any material as loose and 
friable as .-oil' could ever he made to Indd 
up' -a roof. In- tirnees of materials shortages, 
the idea of building a house out ot ordinary 
dirt has an irresistible lure. As a matter of 
eold fact, rammed earth construction lor 
. ter'ru pi.se, a>°* the Spanish (tailed ill ha? 
many, merits. When handled with eare and 
intelligence -:- a* in the new. house of Dav id 
Miller at (ireeley. Colorado— rammed earth 
yields handsome, Mrong, and durable walls, 
jammed eartli'^ low heat conductivity makes 
it good "for both hot and cold , climates. 
^.Although not as cheap as might at' hrsLa-p-pea*. 
on well-managed jobs jt may* run as much as 
20 per cent lower than conventional meth<jd>. 
The; limitations of rammed L;arth construe- 
' lion are, however,, severe: First of all. it is ne- 
cessary to use suitable soil — preferably 70 per 
cent sand and small gravel to M per cent 
clay— and it must be carefully sifted, mixed, 
^dampened, tamped and cured. Because of ihe 
necessary form-work and scaffolding. . il is 
seldom economic tu build earth walls more 
than a story high. Beams are impracticable-in 
terra pise (although current tests indicate the 
possibility of reinforced .earth beams of 
^irprising strength I and any columns, must 
very large in section. Earth walls must 
restNon concrete footings well above finished 
grade aud must always be p ro! ecie LL,.by pro- 
jecting r\of or cnpinj^^flch limitations as 
these autiVrriaticaJJi^iimit rammed earth to 
buildings wTrTcnare simple in both plan and 



elevation, with a minimum of tricky detailing. 

1 he Cidorado Iihikc fnll,.w^ iL*> lni..ci n t; ,. 
lices in rammed earth construction methods. 
I'opsoil was removed by bulldozer and subtil 
massed for convenient -ifting and mixing, 
forms were prefabricated. Moisture content 
was (controlled (the. mix must lie just moist 
enough to hall in the hand), as was the curing 

: process (like concrete, tlie strength of rammed 
earth increases with age). Even the intensity 
of the tamping stroke was important (a hlavy 
stroke yields a wall five times as strong Is a 
light one). Compressed air hammers, equipped 
with special tamping heads, were used to com 
pact the soil. And, in forming the wall, eare 
was taken to keep the wall rising uniformly 
along its entire length. ! 

Recent advances in soil engineering, 
especially waTtiine experience in airport, high- 

_.w;ay 'and dam construction- 'indicate con- 

siderable possibilities in earth construction 
beyond those indicated in the Boesis house. 
For example, the .strength of earth w alls may 
be increased by as much as 80 per cent, accord 

ilUL_ I" one authority, by reinforcing with 

vegetable fibre. The addition of cement to 
the- soil mixture also increases its strength, 
although it apparently reduces the thermal 
resistance of the rammed earth wall. (Asphalt 
emulsions also strengthen soil mixtures but 
cannot be used , in rammed earth because the 

•"mix - is too dry: however, emulsions have 
proved a very valuable addition to adobe 

—bricks, which are mixed at a mud-like con 
sistency. ) 

-— -Many authorities' feel that ho exterior pro- 
tection is .necessary for terra pise and poinl 




DESIGNER B0GGS plays a hose on a new earth 
wall to demonstrate its surprising resistance 
to weathering. Soil from the excavation (left 
above) was used to bujld the house at right. 



to many structures which have endured for 
centuries ..without any, surfacing. However, 
some finish is probabji^'lc'sirable, and several 
types are available. Clement stuxcos are satis- 
factory hut expensive beeiiuse lliey' require a 
reinforcing t<> achieve a* permanent bond with, 
the wall itself. Dagga plasteer (a mud mix of 
three part^ -and t-> <m*- of ,-Iuy ^ has been - teW'd 
hv South Dakota .Slate College and found to 
make a handsome finish. However, dagga was 
not, permanent - unless ( after a 1 0-day curing r 
it was sized and given' two coats of lead oil 
paint. A very satisfactory .attarnati-v-t^-w-a-s- 
found in the addition of asphalt emulsion to. 
the dagga at the rate of ^/U gal. per 100 lbs. of 
dry mis. This yielded a permanent finish witli 
or without painting. According to the Depart- 
ment of Agriculture, the rammed earth wall 

may also lie coated with so^unt s-ilieate or with 

paraffin dissolved in benzine. Or it may be 
painted' with a formula of casein glue, triso- 
dium phosphate, lime pa%te and formaldehyde 
a mix which can be tinted any color desired. 
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PRODUCTS & PRACTICE 



TOPSOIL REMOVED by bulldozer 
exposes EUbGoil suitable for ram- 
med earth construction i7 parts 
.md to ? pa>-ts cl.w and gravel) 




SOIL IS SIFTED through coarse mesh to 
remove stones and debris. Aggregates can 
range from fine sand up to large gravel 
hut finer particles must predominate. 



MIX IS DAMPENED by hand. Unlike adobe, 
terra pise is barely moistened. Soils with 
high clay content are unsuitable due to 
high shrinkage and hiqh erosion of eta/ 



FORMS ARE OILED before use to permit re 
nioval as soon as ramming is complete. 
Concrete footing 15 scored to assure good 
water and frost proof bond with the wall 




FORMS ARE HELD ,r alignment by SOIL IS CARTED ,n wheelbarrows alcin. 

,»-tical scaffoidi-u t-ed by trans- -snsjs tc pn,ri of -..m-rung This need (n 

,-ers- r^fjs, Hc'es left by removal r,,mps an 

. • ' ■> d s s e 1 g g e c! with d a q g a < one < 



scaff .jidirig sets practical 



COMPRESSED AIR HAMMER w th s„ e ci.n REMOVAL OF FORMS can take place im 

head co'^ip.Kts st'l. Each h n r . 2- n t .1 1 run. mediate!/, though walls must cure before 

,'ibaul -i m. deep a f te 1 ' t a m p , my . is rammed oof s framed- Initial set takes 10 days, 

in one conti'Uiiiiis <>r,i e r a t ""1 " each wa>< but strength increases for several years 





EXTERIOR SURFACING on Miller 



dagga- cement 
1 w i t n water- 



Ta , 1 u i e s ■ n 




nil 



RAMMED EARTH HOUSr 



HIGH A'lNDOW 



C txrugouc tft>ntoi 



Copper Screen 



Giosi i«1 dif*Ctry into 




LIVING ROOM CORNER daces southeast and has floor- to-ceiling fenestration of simpii 
design. There is no sash in conventional sense. Both the louvered ventilation panels 
and the glass itself are set directly in a dressed 2 x 6 in. frame, 
earth walls, this frame 15 bolted into a groove formed to 'receive >t 



Where it abuts 



Smooth fmth 
FiraiMd Gro6* 



WALL StC'iONS 



PLAM OF MILLER HOUSE. h*e its elevation, reflects need for simplicity 
• n successful rammed earth construction Most~glass areas and irregu- 
larities are concentrated along south side, permitting continuous earth 
wans aiong other three sides, with fenestration held to a bare minimum 
on north intermediate roof support is by wood posts and all Interior 
'partitions are replaced by built-in storage units of different types. 
Thr«-ws, division nf bath is ideal for family of several children 



SINCE INTERIOR WALLS ar e exclusively 
formed by story - high cases of various 
sorts, the house ha^an unusual amount of 
storage spa ce Interior su rf nces of ea rth 
walls are dagga plaster, waterproofed and 
then brushed with one coat of ail paint. 




are topped with 1 n teg ra My - colored cement * 



149 




-L, AUSTHAL1A ,,»- 



Sfb 21 Dgl 
UDC 693-31 



Revised June 1964 



Experimental Building Station — Department ot Construction 



*f^^3Sj^^ vi 1 -*- Y?.-. tidS!ES*_ etTSM&sr. ;.j)BJW 




Pise Construction 



The pise or rammed-earth method of wall construction 
consists of ramming suitable moistened sandy loam 
between shutters. The dense, hard walls thus obtained are 
somewhat similar in appearance to walls of soft sandstone. 

Designs for earth-wall buildings closely resemble those 
commonly used for other forms of construction. However, 
certain peculiarities of the" material should_ be taken 
into consideration, particularly the low lateral strength 
of earth, a factor which dictates not only the minimum 
thicknesses of walls, but also the minimum widths of piers 
between openings for windows and doors. 

The following notes briefly outline the methods of con- 
struction recommended as a result of investigation, ex- 



periment, and test to eliminate the risk of failure and 
reduce the labour factor to a minimum. Careful site or- 
ganisation is essential in order to achieve economical 
earth-wall structures. Since labour is the principal fac- 
tor affecting costs, any building time that is non-pro- 
ductive owing to lack of foresight in planning the work, 
or to any other cause, will inevitably result in an ex- 
cessive rise in the cost of the work. For greater detail, 
reference should be made to CEBS Bulletip ,No. 5, 'Earth 
wall Construction'. 

FOOTINGS 

1.01. Footings. Footings for pise walls should be the 
same as footings for solid brick walls of similar thick- 
ness on the same type of foundation. 



INVERTED T-BEAM FOOTINGS 



E xternal wall 



300 
Kmm! 




DPC 



min. 230 mm 



Depth according to 
nature of ground 



| VentJj^A? 



230 i 

mm 1 



. , _ Joist 

Bearer 



N^l*> — Ant cap DPC ■ 

Concrete piers under bearers- 




Reinforcement as required — —r*. • ° •. 



Depth according to nature 
of ground 



600 mm 



460 mm 



REINFORCED CONCRETE STRIP FOOTINGS 



External wall — 

if 

Ventilation brick £f 



Splayed water shed 
DPC extended over 
where required 



300 
mm 



# - 



230 mm 



1 



it 



Partition 



Joist 



far 



Bearer 



</.>-ys>.y;i.-i»-^»h'% 
Depth according to nature of $ » 
ground 



t. * 



Wood or concrete blocks under— —j^^si^ 



-Ant cap 



Reinforcement as required 




£5* 



230 mm 

Depth according to nature of ground 



600 mm 



460 mm 



Types of footing for pise walls 



1.02. Protection of wall base. Because earth wallsjkre 
very vulnerable at the ground line to damage by the erod- 
ing action of stormwater and back-splash, it is important 
that the bases of walls should be built of material that 
is in itself strongly water-resistant. This is best 
effected bv using an inverted T-beam type of reinforced 
concrete - loting, the stem of the T being continued to a 
minimur height of 230 mm above ground level. 
Alternat e ly, commencing from the footing, the base of 
the wall < r the foundation wall may be built of brick, 
stone, or portland-cement-stabilised earth to the required 
height above ground level. 

1.03. Damp-proof course. Damp-proofing should be 
provided, and placed at such a height as may be required 
by the design of the building. Usually a convenient 
position is immediately on top of the foundation wall. 
Most of the recognised types are suitable, but one of the 
more flexible types that will mould itself without fracture 
to the irregularities of its bed, is to be preferred. 

1.04. Ant-proofing. Extensive enquiries indicate that 
termites (white ants) do not tunnel through earth walls, 
although they have been known to construct their galleries 
on the outer surfaces in search of suitable timber. If the 
bases of the walls are kept clear, the galleries can be 
seen and broken. Continuous strip shields should be fitted 
to the insides of the foundation and sleeper walls, laid 
directly on the damp-proof course. Free piers should be 
fitted with termite caps in the usual manner, (See also 
NSB No. If. 'White Ants'.) 



WALLS 

2.01. Rammed-earth walls are built solid, with a 
minimum thickness of 300 mm for external walls of single- 
storey domestic buildings, and 230 mm for partition walls. 
The density and thickness of such walls make the use of a 
cavity unnecessa-ryr— ' 

2.02. Walls are built in situ, in courses between 600 mm 
and 900 mm in height, and each course is constructed by 
progressively ramming sections about 2 m long at a time; 
it is unnecessary for any section to be cured before com- 
mencing the next. The newly rammed work is strong and 
self-supporting, and can be walked on; thus the sections 
can be regarded as large masonry units' made and laid in 
the one operation. 

FORMWORK 

J 

3.01. One of the advantages of earth-wall construction 
is the simplicity of the equipment needed for the work. 
The formwork;K.and hand-rammer are comparatively 
inexpensive, an ! d can be made by a carpenter. 

3.02. A type of formwork has been designed at CEBS 
that can be rrtbved in a horizontal direction without being 
dismantled 1 . The sides of this type lap, 150 mm over the 
base-wall, and are supported by two built-in rollers, one 
placed in a low position at one end of the form to ride 
on the base-wall or previous course, and one placed in a 
hieh Dosition at the other end of the form to ride along 



NSB No. r8 



SIDE VIEW 



SECTION 



1 0-mm-dia. rod - 

End stop 380 mm 
■ Key ing panel 1 50; 



^- i 50-mm X 40-mm Oregon boards, 

butt-jointed^^. Completed pan 

footing-wall 



of wall or m m 



I 

380 mm 



600 mm 



75-mm-dia. roller 



75-mm-dia. iron pipe, 
300 mm long, or similar, 
50. mm X 75 mm-, r- 75 mm X 50 mm as roller 

ft— J r±L_ 



End 
stop 



-gb-t 
1.8 m' 



3 



2 m 
PLAN 



600 mm 



75-mm-dia. roller 




ISOMETRIC VIEW 



Details of crawler formwork 



the newly completed section. When a section is rammed, 
the mils are loosened on the tie-bolts to free the 'shutters 
from the wall surfaces, and , the formwork is pushed, along, 
supported by the rollers, until the high roller reaches the 
end of the section. Finally the formwork is plumbed with 
a level and the nuts are tightened. An L-shaped box is re- 
quired for the corners; each wall-angle is rammed as one 
piece. 

3.03. , If the partitions are also to be of earth, a T- 
shaped box can be used for ramming the junctions with the 
exterior walls. But a considerable amount of manipulation 
is saved if the shell of the building is completed first, 
and the partition 
into the main walls. 

3.04. To withstand the pressure of the rarame 
■ without bending, boards 40 mm thick are used for the 

sides of the formwork. The use of Oregon or similar 
lightweight timber will facilitate handling. 

RAMMING 

4.01. Prepared moist earth is shovelled into the form to 
a depth of approximately 100 mm. This depth is im- 
portant, as any more would result in incomplete com- 
paction of the lower part of the layer due to the cushioning 
effect of the top stratum. The 100-mm layer is rammed 
until it is dense and hard, and then its depth should be 
approximately 60 mm. Ramming should be continued 
until the blows produce a ringing sound and no further 
impression can be made in the surface. It is best to ram 
along the sides of the form fust, occasionally crossing f over, 
and gradually moving toward&_the centre. Layers are 
successively rammed in this manner untiHhe fojmjs filled 
to the invert of the high roller. Before fresh eartrTTs 



...thrown in, it.is..advisable to roughen and moisten the com- 
pacted surface of the, previous ramming. 

4.02. The rammer used for manual tamping should 
weigh from 8 to 9 kg; it may be of metal or wood, about 
1.5 m in length overall, and should have a ramming face 
1 00 mm to 1 50 mm square. Suitable wooden rammers that 
are easily made are illustrated. They are shod with wearing-^ 
plates of mild steel 6 mm or 7 mm thick, which are screwed 
through countersunk holes into the hardwood blocks. 




Lxamples of hand-rammers 



A mechanised ramming device 
showing guide rods to prevent 
rotatioh of hammer-head 
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4.03. Mechanical ramming by .means of a tamper 
operated by compressed air has been developed. The time 
required by the use of this equipment is half that for 
manual ramming, and a considerable reduction in cost 
can be effected as a result of the elirfiination of the most 
laborious part of the work. A full description of acnachine 
is given in CEBS Bulletin, No. 5. 

4.04. The positions of wooden fixing plugs for skirt- 
ings, picture rails, architraves, door frames, window 
linings, fixtures, and fittings should be planned in ad- 
vance, and these then placed in position as their locations 
are reached. A suggested type of plug with anchoring 
cross-piece is illustrated. Openings for doors and win- 
dows may be formed by stopping -off the formwork with 
shutters in the desired positions:* 



Nailed joint 



100 mrfi X 40 mm 




100 mm X 25 mm 



6.02. Portland-cement "rendering is the treatment most 
commonly used. Adhesion of the rendering. iLa*problem, 
however, and the characteristic shrinkage rijj&e material 
increases the risk of failure. The render should there- 
fore be well keyed to the wall by means of wire netting 
stapled on, or by one of several -other suitable methods. 
Shrinkage is also -responsible for cracking or crazing of 
the rendering, and, to reduce this tendency, rich mixes 
should be avoided. A mix of I part cement, 1 part'lime, 
and 6 parts sand should be used. 



Typical wooden fixing plug with 
cross-piece for anchorage 



6.03. Viscous rriatenal~s7sux1ias~oiT-based resinous con>~ 
pounds, bind well with the earth surfaces and have greater 
adhesive properties than water-mixe'd materials. 

6.04. Two coats of standard-grade paint have been used 
successfully for exterior surface finishes, but it is 
important that a penetrating priming coat such as raw lin- 
seed ojl should be applied first. The greatest disadvantages 
of tru\method of protection are the vulnerability of the 
thin skin to mechanical damage, and the necessity for re- 
painting every 3 to 4 years. 

6.05. in addition to the paints discussed above, there 
are several Others that will provide various degrees of 
protection; these include portland-cement washes, lime 
washes, c.ement-b^se paints, and resin-base paints. 

6.06. The walls may be faced with more durable 
materials such as asbestos-cement flat sheeting nailed into 
position, flat field-stones on edge tied or keyed to the«wall, 
tied brick veneer, or terra-cotta facing tiles.. j 



Tops of walls , 

5.01. The tops^of external walls'require protection 
against damage --b°y water. A bed of mortar laid before- 
placing the wall plate will provide adequate protection. 



6.07. Interior surfaces. Interior wall surfaces may be 
finished with a great range of materials.. In general, any 
finish normally used in other forms of construction may 
equally well be applied to earth walls, and plaster, 
paint, kalsomine, board lining, fibrous-plaster sheet, 
and wood panelling are each satisfactory. 
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"5.02. Wall- plates should be attached to the tops of the , 
walls by means of some form of tie. Heavy wire ox hoop- 
- iron ties may be laid across the walls at abouf'300 mm 
from the top, with the- ends left projecting each side 
sufficiently to pass up and over the plate to which they 
will be» stapled. A* better r 'thod is to'bofy the plate to 
the wall, and this should be carried out as follows: 
with a brace and auger bit, holes are drilled in the ; top 
of the wall at 1-m centres, and 250-mm bolts are placed 
hedd down in them, with ends protruding.75 mm. The « 
bolts are then grouted in, and mortar spread over the wall. 
The wall plates, witH bell holes drilled at l^m centres, are 
.later set in iposrtion and r ^ohed down: 



WALL FINISHES " ,.5 

- • .fstgP&A* ->•* . 7*^ i&l.- " * • • " v*- ■■ • 

^^. A *v.6,Q.I-«v if E^uofcS&t1&&LTfreVj£tenrial surfafce of earth 
i?4 Watl* should- be melted aga-mst^kplion %y jain-water, 

and/. 
**J water' 



1 " ^v'~'i^-." i 6'"«"'^""" ";,'»■" 

t'.rJaMteulajr^^ainst the scouring act ion :f caused by 
ter'lncklirir' down the fiajfaces. Projection- can be 
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achieved: 

" (»yby rendering, .... v . ,. ;iJ . ^. , , 
"(bj) by pa^mtrng d;rectly onto' th^jearth* ^yr face^ ofo 
• ^c) by the attachment of water-resistant shee'ting^r- 
facing, or v4oeer. : /' V<7v 
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Earth -wall Construction 



INTRODUCTION — v 

Earth-wall construction in Australia has a history dating 
from the earliest buildings of 'wattle and daub' and ex- 
tending to two-storey contemporary dwellings and even to 
three'-storey blocks of flats. There are earth-wall build- 
ings here over 100 years old that can be expected-to give 
many more years of service i£ adequate maintenance-is 
continued. The strength of earth walls increases with 
their age. The heavyweight construction is conducive to 
comfortable thermal conditions indoors particularly in 
regions where the climate is predominantly hot and dry. 

There hasijeen some improvement in the methods, struc- 
tural details, and equipment used in present-day earth- 
wall construction, "so that a reliable result is ensured 
provided that good workmanship is employed and suitable 
earth material is used. This Note compares the methods 
of construction and discusses the choice of soil. . 



« > --' t-j- 
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METHODS OF CONSTRUCTION 

1.01. Of the ancient methods of earthrwal/ construc- 
tion, wattle and daub, cob, and clay lump zrre obsolete 
and are mentioned only for general inte/est. But pise 
and to a much lesser extent adobe are/still being used 
in this country mainly inJjM^aLieffs^where 'conventional 
walling .materials are irrshort supply or transport costs 
are high. The modern trend with these basic construction- 
al systems is to use a stabilised-earth material instead 
of natural soil. A brief summary-of the methods now in 
use is given in the accompanyin^table. 

BRIEF SUMMARY OF METHODS 



METHOD 




-l?ISE 


ADOBE 


STABILISED- 
EARTH 
BRICKS 


Description , 


Earth rammed 
in forms 


Earth puddled 
and moulded 
into blocks 
(straw 

binder) -s 


Stabilised 
earth made 
into bricks 


Soil type . 


Over 50% 
sand; re- * 
mainder 
clay and 
silt ,., 


Over 50% 
clay and silt; 
remainder 
sand and 
granular 
■material 


Ov/er 50%-sand.; 
remainder 
clay, silt „ 
and cement 


Construction 


1 n situ 


Sun-dried 

precast 

blocks 


Bricks, 
usually 
machine- 
made' 


Mpisture 


7 -10% 


15-20% 


Approx. 10% 


Equipment 


' Formwork 
and rammer 


Simple 
bottomless 
multi- 
unit 
mould 


Brick- 
making 
plant 


Stabili-^ 
sation 


Now 
usual 
(cerpfint 
preferred) 


Adobe 

(bitumen 

preferred) 

f 


Essential 
(cement 
preferred) 



Pise housa 



1 .02. The marked difference in method between pise 
and addtfe construction arises from the clay and silt con- 
tent, including the eolloidal fraction that is required 
to birld the sand and granular particles together.. Where 
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the clay content is less than 50 per cent it is neces- 
sary to use ramming in formwork (pisS) in order to ob- 
tain adequate binding; but there is not sufficient 
clay for its - drying shrinkage to cause cracking pro- 
blems. A clay content of more than 50 per cent is 
needed to bind adobe blocks; but cracking in the wall is 
limited because the blocks are left to complete their 
large drying shrinkage before being built into the 
waft . 

1.03. Soil stabilisation. The addition of ffcrtland 
cement as a stabiliser to soil types that are suit- 
able for pise construction increases their water re- 
sistance and adds to their strength. This type of 
stabilised soil can also be used for the production of 
stabilised earth bricks. * 

1.04. Bitumen is most suitable for the stabilisation 
of soils for making, adobe blocks. It increases their 
water resistance and durability but not their compress- 
ive strength. 

1 .05. Choice of method. The method of construction 
used depends mainly on the soil types available at the 
site, but is influenced by other factors that include 
local building^Sy-laws, availability of labour, site condi- 



tions, and the facilities and equipment obtainable. 

1.06. ■ The labour time for pise* construction in situ 
compares favourably with that for the double handling 
entailed in the moulding and stacking operations -of 
adobe block structures and in the subsequent building 
of blocks into the walls. The absence of crackmg of 
pise walls, owing to their high sand content, density, 
and low moisture content after ramming, contrasts strong- 
ly >with the prolific surface cracking which is charac- 
_teristic of adobe walls. 






1 .07. Adobe block construction is usually resorted 
to when soils of a high clay content only are avail- 
able and it would be uneconomic to transport sand to 
the site. In certain circumstances it may be advanta- 
geous to mould the blocks under cover during winter, 
and stack them io, dry out ready for building operat- 
ions in summer. 

1 .08. The use of cement-stabilised earth bricks in 
Australia is believed to Have been limited to large 
operations involving brick-making machinery or plant. 
The bricks have been laid in the same way as convent- 
ional burnt-clay bricks in areas where the latter were 
not produced in quantity. 

SOILS FOR EARTH-WALL CONSTRUCTION 

2.01. The approximate composition of the soil should 
be ascertained first, as the type of soil available de- 
terminesjhe method of construction that can be adopted. 
The final choice should be made after analysis. Earth 
that is found to be of unsuitable proportions may some- 
times be brought to the desirable condition by adding 
sand or clay, or by mixing together two types of soil. 

2.02. Soil texture. The composition of a soil may be 
gauged roughly by visual examination and by feeling its 
texture. The texture is determined by the combination of 
gravel, sand, silt, and clay, including the colloidal 
fraction of the clay constituent. When the soil is dry 
and rubbed between the fingers, the sand particles are 
gritty to the touch, and the silt and fine particles 
adhere closely to the skin and have a silky feel when x 
the sand particles are discarded -- . 

2.03. Soil suitable for ramming (pise) is reasonably 
stable in its natural state, and contains enough silt 
and clay, to bind the sand together, but not enough to 
cause high shrinkage in drying. A soil having 65 to 70 

■per cent of sand meets-these requirements best. 

2.04. In the accompanying bar-graph, the average 
equivalent diameters of the -particles of a common soil are 
shown according to the International System of soil- 
texture classification. 



-CLAY — H« — SILT — ►]* 
v 

0. 0020 mm 0.020 mm 



FINE_ 
SAND 



COARSE_ 
SAND 



0.20 mm 



, 2.0 mm 



2.05. Common soils may be divided into these main 
t&xtural groups: 



SAND 



UNSUITABLE 



FRIABLE 



^?i YLOAM \ SUITABLE FOR PISE- } SOFT 
LOAM J ■ J. 



LOAM 

C La\T£aV } SUITABLE FOR,.A"D<j)BE 
CLAY UNSUITABLE it 



- : STICKY 



Experimental pavilion of unrendered adobe blocks 
20 yearf after construction 



2.06. Colour characteristics. Colour gives some indi- 
rection of the constitution of the soil, hut 'provfdes 
no more than a guide to its suitability. The main 
colours encountered are: - — _ 
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A: Black, and dark brown, indicating the presence of 
undesirable organic matter originating from the 
decay of plant or animal remains 

B: Red, and reddish-brown, indicating the presence of 
iron, possibly unhydrated iron oxide (haematite). 

* C: Yellow, and yellowish-brown, indicating the presence 

of some iron, possibly hydrated iien oxide (limonite). 
D:Grey, greyish-blue, and yellowSnottled, usually of 

high clay content indicating poor drainage. 
E: White. 

2.07. Soils of^?o]our A are unsuitable for earth wall 
construction, bfct soils of any other colour may generally 
be used. ■ ■ 4 \ 9 

/ 

2.08. Analysis. The following method of physical ana- 
lysis is sufficiently accurate to enable a final select- 
ion of the soi] to be made. A 'quantity of the selected 
earth is pulverised, placed in a shallow tray or dish, 
and heated in an oven to 1U5°C to extract moisture. A 
litre measure is filled with the dried earth; this exact 
quantity is put into a large shallow baking dish, and 
washed in repeated changes of water until aE clay and 
silt have floated off and the water becomes clear. The 
residue is the sand, gravel, and, granular mineral con- 
tent. This residue # is dried as> before, and replaced in 

, the measure. The amount removed/during washing, in re- 
lation to the amount of dry residue, represents the pro- 
portion of clay and silt to the sand, gravel, and granu- 
lar mineral present in the earth mixture. 

2.09. Moisture. When the soil is prepared for ramming, 
the moisture content should be carefully regulated. If 
the earth is too wet, difficulty will be experienced in 
attaining good compaction, and the excess moisture will 
cause extensive surface cracks as the walls dry. 

2.10. The mcwsture c content of loose soil may be esti- 
mated by firmly pressing a handful between the two 
cupped hands to form a solid ball. (If the soil will not press 
into a ball without falling away, it is. too dry.) The 
ball should then be held out at shoulder height, and 
dropped onto a smooth hard piece of ground. The scat- 
tering of the ball jnto its v former loose state indicates 

• consistency correct for ramming; if, however, the break- 
age is into a comparatively few pieces only, or into 
large pieces remaining unfragmented, the soil is too wet. 

* 2.1 1. It will be found that with a soil of 65 to 70 per 
cent sand contentTjyToose volume, the optimum moisture 
content is usually from 7 to 10 per cent by weight. 
The test should be repeated during the ramming 
operations to ensure uniformity of moisture content. 

2.12. To obtain a workable plastic state, adobe soDs 
(soils containing^nipje than 50 per cent silt and clay) 
require a higher proportion of water than soils of high 
sand content. This/is? due to the fineness of the sDt 
and clay particles, each of which must become surrounded 
by a film of Watei^befoxe even distribution can take 
place and the soil is of the proper consistency. The 
degree of plasticity will depend upon the fineness and 
quantity of these silt and clay particles; a soil contain- 
ing approximately 60 per cent clay and 40 per cent sand 



will usually absorb between 15 and 20 per cent of water 
by weight before becoming workable. >. 

NOTES ON CONSTRUCTION 

3.01 . The main operations involved in the construction 
of a building such as a cottage, using the pise and adobe 
systems are listed below. More detailed information 
appears in Bulletin No. 5 which is listed in the references 
at the end of this Note. 

3.02. Pise construction. The construction of walls of 
rammed earth includes the following operations.: 

(a) Gaining -soil from the borrow^pit or the location 
of selected soil. 

(b) Pieparing the soil (if necessary) by pulverising 
it to reduce any clods, and by removing any 
organic material,, large stones, and other 
unwanted .-substances present in undesirable 
quantities. 

(c) Setting the form^vork in position, and ramming 
loose soil in successive layers 1 mm deep until 
it is dense and hard. Each layer compacts to 
about 60mm in depth. 

(d) Resetting the- formwork, and repeating the 
ramming operations for each successive section 
of wall until an entire course is completed. 

(e) Repeating (c) and (d) for each successive course 
of 600mm to 900 mm height until the walls are 
completed. 

(f) Stopping-off by inserting shutters across the ul- 
terior of the formwork, to provide openings for 
doors and windows. 

(g) Providing wall-plugs and ties for fixing door and 
window frames, linings, skirtings, cupboards, and I 
fittings generally. 

(h) Providing for the attachment of partitions, wall 
.plates, and similar components. 




Ramming a section of pise wall by hand 



mmkm 
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3.03. Adobe Construction. Adobe-block walls are built 
in the same way as masonry walls. It is estimated that 
a team of three men can make about 300 blocks a day. 
For this, purpose, a fairly large area of level ground 
is desirable, as it is necessary to leave the freshly 
moulded blocks unmoved for 2 to 3 days to harden suffi- 
ciently before handling. The block-s are then placed in 
stacks, and the moulding area cleared for"another batch. 
A simple mould of the bottomless, multi-unit type is 
necessary for each team of two or three operatives. Im- 
mediately the mould has been filled, and the mud 
kneaded into the corners and pressed to remove air 
bubbles, the top is screeded and struck off, and the mould 
lifted and placed in position for the next filling. 

3.04. The construction of walls of earth blocks (adobe) 
involves the following operations: 



(a) 
(b) 
(c) 
(d) 
(e) 

(0 

(g) 
(h) 



Preparation of a shallow pit of sufficient area to 

accommodate_a^east three days' supply,of earth 

if continuous work is planned. 

Preparation of soil by puddling in the pit and 

mixing in straw or other suitable binding 

material. 

Moulding blocks in bottomless moulds, on level 
ground of sufficient area to accommodate 3 days' 
production (approximately 200 m 2 in area); 
Stacking blocks on edge with spaces between 
their sides so that air can circulate and facilitate 
drying. 

Building walls — bonding the blocks as in brick- 
work or masonry — and buil ding-in lintels to 
openings, sills where required, brickwork or 
masonry fireplaces and chimneys, and all usulal 
building components. 

Providing wall-plufes and ties for fixing frame 
lini ngs, partitiorisAtrim, wall plates, fixtures, 




and fittings. 

Arrangements for crok^walls, floors, services, 
and roof. 

Providing protective cpating to all exterior vfrall 
surfaces^ and providing interior finishes and" 
decoration. 




3.05. Stabilised-garth bricks." Cement-stabilised-earth 
bricks may be laid by tradesmen in walls using mortar 
in the same way as with burnt-clay bricks. The initial 
problem, of course, is to provide the mechanical mixing 4 
and brick-making plant that will ensure the production 
of strong bricks of consistent quality. 
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Dwelling constructed of cement-stabilised-earth brick-s 
(Northern Territory Housing Commission) 



CONCLUSION 

4.0.1 . It is reasonable to regard earth-wall construction 
as a proven method of building, but the labour content is 
high and its cost may not be justified unless spare time 
is utilised. Some people may use earth-wall construction 
'because of the romantic appeal of earth as a building 
materia] and others see only that earth is there for the 
taking on their land. Any decision that is based on a 
broad economic assessment, however, must consider the 
availability and cost of alternative materials and of 
labour familiar with their use. Personal preference can 
trren be exercised with some knowledge of the costs 
involved. ; 
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